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Testing the New Oscillation
Hypothesis

Direct test of a new oscillation patterninE & L
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102 103 10* L (m)

* Relative shape distortion in identical detector
modules 1 2 3 4 5 6 7
* Complemented by rate info. visible energy (MeV)
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Few % Accuracy @ Reactors

High statistics
* |Intense source
* Very short baselines available

= Variety of reactor sites
 Compact sources at research reactors vs powerful commercial
reactors
e Large range of E (1-8 MeV) and L (5-20 m) covered
* 93% to 4% enriched nuclear fuel

=  Predicted reactor spectrum
 What shape?

= Challenging background mitigation at shallow depths and very
short baselines
— Review the detection technics of current projects



Double Chooz, this conference
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Convergent Signs of v Excess at 5 MeV

RENO, this conference
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Neutrino Excess at 5 MeV

Upcoming release of Daya Bay spectrum shape = high significance of
combined results (?)

Origin of the excess to be understood:
e Biasin the conversion procedure? Difficult to induce a localized
excess with distortion of (forbidden) beta-decay branches.
* Biasin the reference electron-ILL data? Well beyond the currently
known systematics.
* New neutrino interaction?

Input for short baseline reactor experiments:

 The combined analysis of high precision data from DC, DB and
Reno may surpass the accuracy of current predictions.

* All projects are based on relative shape (+norm) distortions in
identical detectors at different baselines and are therefore little
sensitive to a fixed spectrum distortion (as demonstrated by
accurate 0,5 measurements).



Background mitigation of very
short baseline and shallow
depth experiments



and Backgrounds

Inverse Beta Decay / Correlated background

)
- 1
vV,+p—>e +n v from fast n
1

= Cosmicrays -induced

Fast n from reactor is a killer

Online rejection:
* Minimal overburden
e Active u veto around target
e PSD

Offline:

Selective prompt-delayed e Subtraction of reactor OFF data

signal sequence



Detection Process and Backgrounds

Inverse Beta Decay Accidental [y-n,, ] coinc

V_e +p— et +n = Reactor dominated
" n, leakage

= High Ey’s from n-capture on metals,
16N production in primary circuit, ...

= 10°

n-captures
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- * On site measurements + heavy
shielding design
* Online measurement and subtraction
9

Selective prompt-delayed
signal sequence



Neutron Discrimination

e Gd-loaded LS
n+Gd—=Gd+y's( 8MeV)

* Mature technology with few years scale stability
e Short capture time

* PSD capability

But

* Sensitivity to high-Ey’s

* Inefficiency from detector edge effects

Very discriminant final state for online rejection of electromagn
n-capture on ®Li  background
* High efficiency from localized E deposition
n+°Li—a+t * Short capture time achievable
But
* Low energy signal in LS

 R&D for large target volume
10



Event Topology

Highly segmented detector (10 cm scale) can help
tagging the specific pattern of E deposition of the
° IBD process

* E depositions of e*:
e+ -» compact track
+ annihilation y’s < longer int. length

* Space correlation between prompt
and delayed vertices linked to n
capture time.

Limitations: dead layer of the cell walls, light output, intercalibration
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Reactor Proposals

Gd oLi

Highly Moving

Segmented  detector 2 det.

Nucifer (FRA)

Poseidon (RU)

Stéréo (FRA)

Neutrino 4 (RU)

Hanaro (KO)

DANSS (RU)
Prospect (USA) L_, ‘ .
SolLid (UK) .
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Reactor Proposals

Py, Miarget L Depth
(MW) (tons) (m) (m.w.e.)

Nucifer (FRA) 70 0.8 7 13
Poseidon (RU) 100 ~3 5-8 ~ 15
Stéréo (FRA) 57 1.75 8.8-11.2 18
Neutrino 4 (RU) 100 1.5 6-12 ~10
Hanaro (KO) 30-2800 ~1 6 few
DANSS (RU) 3000 0.9 9.7-12.2 50
Prospect (USA) 85 1&10 7-18 few
SolLid (UK) 45-80 2.9 6-8 10
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Gd-Loaded Liquid Scintillators



= 850! Gd-loaded LS

= Compact core
(60x60x60 cm?3)

= Short baseline: 7m

= 10 mwe overburden

= ~300 detected v/day
expected

- Some sensitivity to Sterile v

But challenging reactor background
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= Rejection of cosmic background with PSD
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Background rejection

= Comprehensive on site measurements

performed last year: u, n and y backgrounds. Test of cell
prototype
= Sequential installation/validation of external ?j’\‘;lr:jc;:;h
shielding before detector installation early 2015.
the detector
=  Muon induced: response

* Overburden
* Active outer-crown and u-veto
e PSD capability of the liquid scintillator
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60 t shielding

= Compact core
= 100 MW
= Few mwe

Prototype module

1 —detector module

2 —passive shielding

3 —rail

4 —motion system,

5 —-muon veto,

6 —400 | Gd-loaded LS,
7 —Detector PMTs.

Movable det module
6-12 m baseline range *’



Cosmic background suppression
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1000: first version of active shielding
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=  Production of the full-scale
NEUTRINO-4 detector
= Data taking in 2015.

NEUTRINO-4 @ SM3
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Highly Segmented Detectors



Korean Experiment

Reactor candidates Segmented detector
React Baseline Thermal v events/ Overburden 3
SACEOr [m] Power [GW] GEYY, [m.w.e.] « 11x11x100 cm® cells
« Gd (or 6Li)-loaded LS
Hanaro 6 0.03 179 - e 3 PMT
« 10x10 cells (~1 ton target)
Younggwang 24 2.8 1052 ~10
Kijang (2017) 5 0.015 129 ~20

Hanaro Younggwang




Korean Experiment

Prototype detector

. 50 | of Gd-LS inTarget, 6 PMTs (8”) EUE
« 10 cm Thickness lead for passive shield
« 47t muon detector with liquid scintillator
« 670 pe/MeV
« R&D on bLi-loaded LS and PSD capability
w Data fy, -
0030:_ SlmUl ‘04 “" Co

Number of Photoelectrons

Final installation and data taking in spring 2015

Sensitivity
|
./'} : — HANARO
«:; =S — Kijang =
--/-:'-" Younggwang
< _
|
101 2
sin“(20)

500 L of target

1 year data taking

S/B~1:1 @ Hanaro
Detection and spectrum syst.
included



DANSS @ KNPP

1 GW extended core

Good overburden,
underneath the reactor.

High statistics, ~ 10% evt/
day expected

Vertical motion of the
detector (9.7-12.2 m)

el

vt

.....

7

Cosmic muon veto

Highly segmented
detector
- background rejection

1

(PS8 plates)

J Sensitive volume ~ 1m?
g (2500 1meter PS strips)

Cu frames (inner part
of passive y-shielding)

]| —

Pb (external part of
passive y-shielding)

CH,+B
(n-shielding)
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Detector Structure

50 MPPC

XModule Vllodule 222 2. 1/25™ prototype tested for 20 days @ KNPP
50 MPPC / 3
.
=
| 7
—r
e
e =
:: 100 WLS fibers

(2 per strip) X-bundle
100 WLS fibers
PMT (2 per strip)

Plastic strips with Gd-loaded interlayer,
WLS fibers readout, 15 pe/MeV expected.

] ] ] 180:’ * . ' ———%— ' ++
First validation of the detector 143
concept with the DANSSino g0
604 run: KNPP#044
prototype 203
° ° ° 0 L] L] ) L} L] L} ] L} L] L] L] ) L] ) L} L] L] )
Ar.1t|neut:|no signal reported N oFF 7
WIth S/B 1 ' 5(')0 ' GC'JO ' 7C')0 ' 8C'JO ' 9C')0 ' 10'00 ' 11'00 ' 12'00 ' 13'00 ' 14'00
Final detector in2015.
arXiv:1304.3696v2
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Highly Segmented Detectors

+
6Li-loaded Scintillators



CQa PRO SPECT A Precision Reactor Neutrino Oscillation

and Spectrum Experiment

Physics Goals

« Search for sterile ve oscillations at short-
baseline.

* Probe and resolve “reactor anomaly”.

» Precision measurement of reactor ve
spectrum for physics and safeguards.
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Cea PROSPECT - Design, Concept, Sensitivity

Detector Concept —

<

Segmented detector T

- position resolution for oscillation search
- background rejection via topology

- low inactive mass and uniform response for
good energy resolution

Target Materials

6Li liquid scintillator — localized neutron capture,
capture and neutron recoil ID possible via PSD,
or

Gd liquid scintillator — proven technology, proton
recoil ID possible via PSD

Sensitivity
Near detector: 30in 1 year
Near + far detectors: 50 in 3 years

White paper: arXiv:1309.7647
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PROSPECT - Development and R&D

Scintillator Development LS development

Neutron PSD
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SolLid |

T T
BR2 REACTOR, Mol, Belgium Ni S N
* Core: 45-80 MW, HEU fuel ) 10?1
* Favorable reactor background level E .......
DETECTOR SNONGE S
*  Novel type of composite solid scintillator 1?
detector (PVT + °LiF:ZnS) o
 2.88t fiducial volume, highly segmented. » e T
S :Zt:j iz/ cL
o i ;...44.‘....;.0_1 i 1

X2 fit Rate + Shape

* |BD efficiency 41% (416nu/day/tonne)
® 300 days running at 6.8m baseline
*S/B~6

¢ include flux normalisation (4.1%),
detector efficiency (2%) systematics and
backgrounds

® large bins to account for energy smearing
effects 33




SoLid Detection Principle

Ue+p—et +n

SLiF:ZnS(Ag) 250 Wavelength 6 l
— iF:ZnS(Ag) 250 um  gpifting fibre 1 —
Ve 3mmx 3 mm 3Ll+n a+t
section

PVT Scintillator
5cmx5cmx5cm

Read out by WLS fibers and MPPC

x10°
= Very discriminant neutron signal in é’ ::_
°LiF:ZnS. High neutron-y rejection &
factor g
< 30 |
= 3D reconstruction close to 20 3E . o s
interaction point : high background

k ||-T|:-||1.|1|--| lllllIlIlIlIIlIlIIlIlIIlIlI
100 200 300 400 500 600 700 800
Peak amplitude [PE]

rejection capability using

topological information of IBD.
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Status of experiment

Larger scale prototype
NEMENIX prototype tested at BR2

New DAQ + muon veto

Demonstrate expected response

Study background rate and IBD analysis.
Analysis of mars-may 2014 cycles in progess

Raw data
reactor ON
reactor OFF

7
raw signal [ADC count]

288 kg module ( 2304 cubes)
deployment planned before end of year
2014 at BR2.

2016.

Rl

35



4 Summary

= Antineutrino spectra

— Need to understand the 5 MeV excess = update shape and norm of
prediction. Limited impact on relative distortion search.

— Pure 235U to standard commercial cores to be measured.
— New input on reactor monitoring.

= Detection at very short baseline and shallow depth

— Challenging n and y backgrounds near reactors and at shallow depth.

— Large panel of detection technics: Liquid vs Plastic, segmentation, R&D for
enhanced discrimination of IBD.

— Ultimate background induced by comic rays: reactor off period, PSD capability.
= Sterile neutrino search

— Unique signature of new oscillation pattern with large range in E and L.

— Good sensitivity to the reactor anomaly, prommissing Neutrino 2016 conf.

e Thanks to M. Danilov, A. Derbin, K. Heeger, Y. Kim, J. Lee, J. Liu, A. Serebrov,

A. Vacheret et al. for slides and material.
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Solid: Search for Oscillations with Li6 Detector at the BR2
reactor

First measurements with the Solid experiment’s prototype
antineutrino detector

The Stereo Project
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Bckground Assessment for the PROSPECT Short-Baseline
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Development of novel Scintillator for the PROSPECT Short-
Baseline Neutrino Experiment
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Updated result including :

* Km baseline results
* Corrected statistical bias (1% shift)
* Neutron mean life (t, = 881.5s)

Refined treatment of experimental uncertainties and parameters

= 2013 result: p=0.936 + 0.024, 2.70 deviation from unity
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CQ_@ POSEIDON -Liquid scintillation position-sensitive detector of neutrino
Petersburg Nuclear Physics Inst., NRC Kurchatov Inst. (project arXiv:1204.2449)

64 6” PMTs LS(Gd) Detector 100 MW research Reactor PIK

l

2 1x1.3x1.3 m3 is being built in Gatchina, (~2016y)

MC simulation: ' Y
Energy resolution
o =7%at1 MeV
LAB+PPO+Gd Spatial resolution
o, =15cmat 1 MeV

E- and X-reconstruction of event is
based on the charges collecting by PMTs

Energy and spatial resolution should allow
to observe the oscillation curves for different E,

|C 3

2 Allneutrinos E>1.8MeV © 161
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Neutrino-4 Sensitivity

Background free contour
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